





















イナミクス岡高温高圧下での融解現象の役割-Theroot zone dynamics under the 
continent collision zone.百lerole of crustal melting at ex位emelyhigh pressure and high 
temperature conditions. Investigation. of the root zone dynamics under the. continent 
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Estimated P-T conditions 
for Nove Dvory Peridotite 
(Medaris et al. 1990) 
Equilibrium curve for reaction: 
pyrope + grossular + Si02 = 2 kyanite + 3 diopsidf! 
Estimated P-T conditions 
for kyanite-bearing eclogite 
from Nove Dvory 
(γhis study) 
。 EstimatedP-T path 
for granulite of the Gfohl Unit 
(Carswell & Q'Brien， 1993) ..，. 
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Grt-Cpx Fe-Mg exchange 
thermometer 














et al.， 1995) 0 その後、 Mg#がコアからリムへ増加する progradeタイプのザクロ石を持つエク
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第5図.勇断帯中のシュードタキライトの偏
光顕微鏡写真および反射電子線像
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かし、 GfohlUnitの構造的下位に位置する MonotonousUnitや VariedUnitとGfohlUnitの両
者が、どのようなテクトニックイベントを経験し、現設の位置に定置しているのか、その関係は明確
になっていない。そこで、両者の関係を明らかにするために、 Gf包hlUnitの構造的下位に位置する




サンプル採取地点はチェコ共和国南部 Ktis、48055' 40N、14008' 37Eである。露頭で
Kinzigiteは、面構造が発達しており、 Patch状の優自質部分であるしeucosomeが多数確認された。




行った。①Finegrain Grt & Weakly Foliation type:ザク口石は、他~半白形のものが多く、細粒
(約 0.1""'1 mm、最大約 2mm)で、優白質・優黒質部分の双方に含まれている(量も多い)。弱く
Foliationが発達している。②Finegrain Grt & Foliation type :ザク口石は細粒(約 O.l""'lmm、最
大約 1.5mm)。また、ザクロ石は優黒質部分に濃集しており、優由貿部分には少ない。 Foliation
が発達している。 Foliationに諦和的で三次元的に閉じた Leucosomeが発達している。③
Leucosome & Foliation type :ザクロ石は中粒(約 0.5"'1.5mm、最大約4mm)で、他~半島形の
ものが多く、優自質・優黒質部分の双方に含まれている。また Foliationがやや弱く発達しており、
Leucocratic veinおよび Leucosomeが多数確認される(表面はアメ色、新鮮な部分は淡緑色)。
④Coarse grain Grt & Weakly foliation type:ザクロ石は粗粒(約 1""'5mm、最大約 7mm)であり、
coreは濃赤色を呈している。優白質・優黒質部分(優黒質の方が多い)の双方に含まれている。
Foliationはあまり顕著に発達していない。⑤Coarsegrain Grt & Foliation type:ザクロ石は組粒
(約 1---5mm、最大約 7mm)で、他~半自形のものが多い。また、顕著にFoliationが発達しており、





















含まれるザクロ石の組成は、 Xal 0.77---0.79， Xpy 0.17 ---0.20， Xgr 0.02---0.03， Xsp 0.008---0.0110 
優黒質部分に含まれるザクロ石の組成は、 Xal 0.70---0.84， Xpy 0.12---0.20， Xgr 0.03---0.07， Xsp 
0.008---0.011である。しかし、④や⑤に含まれている穏粒のザクロ石の一部は、均質なザクロ石と
は異なる組成のcoreを持つ。この様なザクロ石の組成は、 coreでXal0.66---0.68， Xpy 0.03---0.06， 










845'""'91 QOCという非常に高温の値を得た。この変成条件を Carswll(1993)が説明した Gfl的IUnit 






Type G陀自形性 Grt粒径 Foliation Leucosome 
① Fine grain Grt & Weakly Foliation type 他~半自形 約 O.l"'lmm 弱い
② Fine grain Grt & Foliation type 他形 約 O.l"'lmm 強い レンズ状
③ Leucosome & Foliation type 他~半自形 約 0.5'"1.5mm やや弱い Leucocratic veinおよび Leucosomeが多数
④ Coarse grain Grt & Weakly foliation type 他形 約 1"'5mm 弱L¥
⑤ Coarse grain Grt & Foliation type 他~半自形 約 1"'5mm 強い
⑥ Leucocratic & Weakly Foliation type 他形 約 0.5"'1mm 弱L¥ 岩相は優白質でgranitic
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略語はKretz(1983)に従う.鉱物共生は01十Opx十Cpx+ Grt + Spl + Amp + Phl + Ni -Sul土Chl:1 
Serpで、モード組成から Cpxに乏しいハルツパージャイトである。岩石は細粒~中粒のマトリク
ス (0.1~3.0 mm， 01 + Opx + Cpx + Cr-Spl十Grt)の中に約 10mmの巨品 (Opx，Grt)が産する(図 1、
A， B)。マトリクスの G抗の大半はケリファイト (Ke1y)に分解している。 Cr“Splは全ての試料で、
Grtの包有物とマトリクスに出現する。 Splは頻繁に Phlを包有する。試料PQ101Eには 6x 11 mm 
のOpx巨晶が見られた (Fig.トA)。 この結晶は約1.0体積%の Cpxラメラを含む。 Grtラメラは
見られず、結晶縁に Ke1yが点在する。試料 PQ201にはGrt巨晶が見られた (Fig.トB)oG討は Opx
包有物を多数含む。マトリクスや Grt中に存在するOpx• Cpxは、 Opxは Cpxラメラを、 Cpxは





PQ 101Eに含まれた Opx巨品の Al.Cr量は、コアでそれぞれ0.120 ・0.025P白(0=6)を示し、リ
ムで 0.050・0.010pぬまで低下する。フラットなコアは見られなかった。 Caは結晶全体で一定で
約 0.015pfuだが、離溶組織を復元すると約 0.020pfuまで増加する。 Opx芭品のリム組成は、マ
トリクスの Opxコア組成に一致する。区品の周囲のマトリクスに見られる lmm以上の Opx結品
組成は結晶内で均質で、その Al ・ Cr 量は 0.045~0.055 ・ 0.010 pおであり、Opx巨品のリム組成と
ほぼ一致する。 Ca最は0.015pfuであり、微量の(<<1 vol. %)単斜輝石を離溶する。 PQ201に見
られる GrtとOpx包有物を線分析した(図 2，B)o Grtは結晶全体で組成がほぼ均質であり、 Opx




Cpx， Spl， 01 


















1mm以上のマトリクス結品が示す均質なコア組成は、5相レールゾライト共生 (Grt+ Opx + Cpx 
+ Cr-Sp1 + 01)で化学平衡が十分に達成されたことを示唆する。そこで、この組成に提案されて
いる各種の圧力温度計を適用し、化学平衡ステージの圧力温度条件をつぎ、のように見積もった。
P-T cond.ition of 5・pha関 lherzoli飴 as随mblages
適用された 2つの圧力計と 4つの温度計は8個の交点を生み出すが、それらの交点と誤差を含
めた領域は31幽50kbar・900-1200ocという広い P-Tにばらつく。これらの 8個の交点を、温度
計の種類を基に 2つの領域に分ける。領域A(31 ，. 35 kbar・900，. 1000 OC)は、 Grt・.Cpx温度
計(Krogh1988)と両輝石温度計 (Breyand Koh1er， 1990)が、 GrtOpx圧力計 (Breyand Koh1er， 
1990)とCr-inCpx圧力計(Nimisand Ta1or， 2000)と交わる 4つの交点を含む領域である。領域B




この 2つの異なる P-T領域A.Bに対して次の 2つの解釈が可能である。
(解釈1) Medaris (1999)では、 01-Grt温度計がピーク時の温度を最もよく保持すると考えた。
その理由は、岩石の約 70，. 80 vol.%を占める 01と次に多い Opxとの間のFe-Mg分配はP-Tよ








えることも可能だ。 Breyand Koh1er (1990)では、 Gr此t-O
程度高温を見積もり、逆に 11000C以上ではやや低温の見積もりを与えると指摘している。また



















ると (Bertrandand Mercier， 1985)、約7000Cという温度見積もりが得られた。この圧力福度で
はNaに富むAmpは安定である (Niidaand Green， 1999)。
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Fig.1. 
A. Photomicrograph of garnet megacryst with many orthopyroxene inc1usions and embay-
ments in sample PQ 101E. Line analysis is performed along the line from 0 to 1， and is pre-
sented in Fig. 2・B.
B. Photomicrograph of orthopyroxene megacryst with many olivine inc1usions in sample 
PQ 201. Kelyphites occurs along grain boundaries between orthopyroxene and olivine. Line 
analysis is performed along the line from 0 to 1， and is presented in Fig. 2・A.
Olivine injection empty (mechanically lost during 
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A. Line profile of orthopyroxene megacryst in sample PQ 101E. Al and Cr shows bell-shaped 
zonlngヲandFe-Mg-Ca are homogeneous in the inner padofthe grain. 
B.Line profile of orthopyroxene inclusion and host garnet in sample PQ201.Bowl-shaped 
Al and Cr zoning are observed.XFe in garnet increases in the cracks and grain boundaries 
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Fig.3. 
Pressure temperature condition estimated for spinel garnet lherzolite assmblage 
of Plesovice peridotite. P-T conditions are estimated based on three geobarolneters 
(Brey and Kohlerヲ1990:Grt-Opx barometry ~ Nims and Taylorラ2000:Cr-in Cpx 
barometry ~ O'N eilラ1981:Cr-in Spl barometry) and four geothermometers (Brey 
and Kohlerヲ1990:Opx-Cpx thermometry ~ Kroghラ1988:Grt-Cpx thermometry ~ 
Harleyラ1984:Grt-Opx thermometry ~ O'Nei1 and Wood 1979 / 80: Grt-Ol thermo圃
metη). P-T line based on Bertrand and Mercier (1985 / 86) is also presented for 
comparlωn. The transition line between garnet lherzolite and spinellherzolite is 
based on the experiment in CaO-MgO-A1203-Si02 system (O'Neilラ1981).Inter園
section between barometries and thermometries are divided into two regimesヲ
namely region A and region B. 
チェコ共和国 HorniBoryに産する calc.silicateノジュールの変成作用























Mi sar et al (1984)を引用し、角閃岩相で形成されたとし、テクトニックブロックとして母岩のグ
ラニュライトに取り込まれたと解釈した。しかし、 Vrana(I987)はCSNを角閃岩相のものとした
根拠を示していない。このため本研究では CSNがグラニュライト相を被っているか否かを検証す
































CSNのマントル部の鉱物組み合わせは Cpx+ Pl + Qtz + Ttn土Gr土Sd土Zo::l:(二次的Ms)であ

























ボヘミア山塊での柱石の報告例は VariedUnitからはいくつかあるものの (e.g.，Houzar & 














































CSNのコア部(Grt+ Cpx + Qtz)、マントル部(Cpx+ An + Qtz)の鉱物共生に対して
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ライトと CSNのretrograde時のパスは②'より高圧側の Sil安定領域(図 3)を経たことになる。
Blansky lesのグラニュライト岩体のシュードタキライトを作る強せん断帯から Andが出現する
こと(虞井ほか， 2003)を考慮すると、グラニュライトの retrogradeパスは②'より高圧側で Silか
らAndへと転移したことになる。③は CSNに二次的に出現する Sd(siderite :FeC03)が石英と共
存するときの最大安定領域を示している。③では Xco2=1で、③'では Xco2=0.05である。 HPグ
ラニュライト時の平衡条件では Sd+Qtzの共生は準安定であるので、 Sdの形成を retrograde時
とする考えは妥当であり、上記で制約した CSNとグラニュライトの retrogradeパスから、 Sdの
形成は<7kbar、<6500Cの P-T条件と考えられる。④は Grs+Qtz+H20=Wo+meltの反応で
Boettcher (1970)の実験による。これは CSNコア部の共生に H20を加えると 8000C以上で Wo
とメルトを生じることを示す。 CSN中に Woが見られないことから CSNコア部形成後、温度が
8000C以下になるまでは dryな環境であったか、 8000Cを超えることはなかったかのいずれかであ
る。⑤、⑥では CSNマントル部の Cpx+Pl共生を、実際の組成から CpxはDi35Hd65、PlはAn99
の組成として考える。⑤は Grs+2Ky+Qtz= 3Anのいわゆる GASP圧力計であり、 Pl以外の組成
は端成分としてKoziol(I989)のcalibrationに代入し計算した。⑥はGrt+Qtz=Cpx+Anの反応に、
Grtの組成を Prp12Alm22Grs66としてEckertet al(I99I)の calibrationに適用し計算した。⑤、
⑥の反応曲線を Cpx+Plの安定領域を決めるのに利用すると、 CSNマントル部の共生は⑤、⑥よ
り低圧側で形成されたことになる。⑦は柱石(Scp)を生じる一般的な反応:3An+Cal=Meである。
⑦'は、 Baker&Newton (1995)の7kbar、7500C>、Cal過剰条件下での Scp+Plに関する相平衡実
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が、目安として Scpの形成は 7000C以上と推定した。 Scpの組織と⑦'の反応の P-T条件から、 Scp
が形成されたのはグラニュライトの retrogradeステージの可能性が高い。また、 Scpは Clを含
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~3. 岩石の塑性変形の継続中に、ざくろ石の不安定化による反応縁、 AGG の発達と
伸張(変形同時の反応)、
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4. 変形時期が終わった後でのぎくろ石のケリファイト化(変形終了時の反応)。
ザクロ石とその包有物である斜方輝石、単斜輝石の組み合わせのコアの組成に、輝石
温度計 (Bertrandand Mercier， 1985)、ザクロ石一斜方輝石温度計 (Nickeland Green， 
1985)、ザクロ石一単斜輝石温度計 (Powell，1985)とザクロ石一斜方輝石圧力計
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Origin of ec10gite and gamet pyroxenite from Bohemian massif 1 
Origin.of eclogite and gamet pyroxenite合olnthe Moldanubian Zone of the 
Bohemian massif， Czech Republic and its implication to other lnafic layers 
embedded in orogenic peridotites in the wor1d 
Masaaki Obata 
Depar回lentof Geology and Minera1ogy， 
FaculザofScience， Kyoto Universi句T，Kyoto， Japan 
Introduction and Background 
This is a preliminary repo抗 ofthe whole rock chemica1 ana1yses of a peculiar rock type of 
ec10gites (kyanite帽quartzec1ogite)， which were sampled from the Nove Dvory gamet peridotite mass 
during a field trip in summer 2003， and more importantly， of a new discovery of a simple method of 
identi命ingthe primary， igneous origin of ec10gites and other related mafic rocks with variable 
metamorphic assemblages. 
The analyzed samples areラ unlikeother typical ec10gites from the Bohemian terraneラ grayish
colored in hand specimen， containing pa1e-pinkish crysta1s of gamet， indicating fair1y magnesian 
character in chemistry. These samples reminded the author of the light回colored，enigmatic gamet 
pyroxenites (Group B of Suen and Frey， 1987) in 'the Ronda peridotiteラ Spain，which were 
encountered during the thesis work of the authors (Obataラ1977).This rock was geochemically well 
characterized by Suen (1978). The peculiar chemical characteristic did dot fit the hypothesis of high 
pressure fractional crysta1lization hypothesis that successfully explained most of other句Tpesof mafic 
layers in Ronda peridotite. One of this p訂tic叫訂 Rondasample 侭705A)was characterized with 
distinctive positive Eu anoma1y， which is incompatible with the proposed hypothesis of high 
pressure fractionation crysta1lization of basic magmas in the upper mant1e (Obata， eta1.， 1980~ Suen 
and Frey， 1987). In later days， itwas shown that some of this type of gamet pyroxenites of the 
Ronda massif contain corundum and sapphirine (Morishita et a1.， 2001). Corundum bearing ganlet 
pyroxenite with whole-rock positive Eu anoma1y had been found from the Beni Bousera peridotiteラ
Morocco (Komprobst et al.ヲ 1990)，and it has been interpreted as metamorphosed ano抗hite帽rich
gabbros by the same authors. Morishita firstly found corundum from ηpe I mafic layers in the 
Horoman lherzolite massif (Morishita and Kodera， 1998~ Morishita and Ar出， 2001) and proposed 
that the句TpeI mafic rocks of the Horoman peridotite are a1so metamorphosed gabbros that have 
origina11y crysta1lized at sha110wer levels and had subducted deep in the mantle， metamorphosed in 
the gamet stabili匂Tfield. The rocks are now recrysta1lized back to low pressure， gabbroic minera10gy 
in the case of the Horoman massif. These discoveries of ec10gitic rocks as metamorphosed gabbro in 
many occurrences in the wor1d and from 
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pressure oceanic crust， subducted deep in the mant1e and back to the Earths surface (Komprobst et 
al.， 1990~ Morishita et al.， 2003 and 2004). Such abackground of recent research development 
made the author to pay special attention to these sample企omthis area. The result is interesting 
and may bear significant implications to the origin of other types of eclogites from the Bohemian 
massif and other orogenic peridotites. 
Bohemian EcIogites 
Samples: Analyzed samples are勾ranite-quartzeclogites ND141， ND142 and ND143， altaken from 
one locali句Ton a relatively f1at land of the northem-most terrane of the Nove Dvory garnet peridotite 
mass， which is eclosed in migmatitic gneisses of the Gfoehl unit of the Bohemian massif (Medaris et 
al.， 1990). Because these samples are taken from f1oats， exact relationship of these samples are not 
known but are considered to represent di:ferent portions of a single thick layer embedded in the 
ganlet peridotite. All these samples are grayish in hand specimen and medium grained. The 
textures of these eclogites are fine to medium grained， inequigranu1ar (gamet typically coarser than 
clinopyroxene) and massive to slight1y foliated. The rocks primarily consists of garnetラomphacite，
kyanite and quartz， but are heavi1y retrograded~ that isラ thegamet are partly or completely 
kelyphitized; the omphacie is p訂t1ysymplectitized and so is the匂ranite. Quartz typically shows 
undulose extinction and subgrain structures and in places form ribbons elongated parallel to the 
foliation of rocks. 
A significanl句rhigh temperature and high pressure equilibration has been demonstrated for 
the hosting Nove Dvory gamet peridotite (1100・1250C，5・6GPa)by Medaris et al (1990) and a 
compatible physical condition deduced for a simi1ar匂ranite倒quarzeclogite from the same body by 
Nakamura et al (2004). 
Al1alytical results: Whole rock compositions were determined for major elements by XRF at Kyoto 
U niverity. Rocks were sliced in slabs and crushed and powderd by tungsten carbide mill and glass 
beads were made using fusion f1ux. The results are shown in Table 1 with CIPW norm calculations 
and are compared with the literature data of the grayish gamet pyroxenites of the Ronda peridotite 
(R705A) that has distictive positive Eu anomaly (Suen and Frey ， 1987). In the norm calculation， Fe 
is tentatively assumed to be al Fe2+. (Allowance of some Fe3+ will results in relevai1t amounts of 
magnetite and some reduction of faya1ite component.) The similari句rbetween the Czech samples 
(particularly ND141， 142) and the Ronda sample (R705A) is striking despite of their mineralogical 
di笠erences侭ondaR 705A is corundum bearing; whi1e the Czech samples are kyanite-quartz 
bearing.) As expected from their mineralogy， they are quite aluminous， calcic and magnesian. 
Another Ronda garnet pyroxelute R705B is from a darker color parallel baild of 1cm thickness 
within the light colored host， R705A. R705B is lower in Al and Ca， less magnesian than R705A. It 
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contain more REE than R705A and does not have Eu anomaly (Suen and Frey， 1987). It should be 
noted that， interms of CIPW norm， predominating components of these samples are albite， anorthite， 
oi1vine and diopside and therefore， supporting the idea of gabbroic origin of a1 these samples. 
Ot!ter Bo!temiall eclogitic rocks from literature: There is a large data base of the Bohemian 
eclogites and garnet pyroxenites and the present new analyses are compared with the pub1ished data 
in variation diagrams as in Figs. 1a and lb. The new results are in the middle of the compositional 
variation spectrmn of the Bohemian samples. There is a broad compositional trend for the Bohemian 
samples and considerable scatter has already been pointed out by Medaris et al (1995)， who紅gued，
on the basis of the compositional scatter， for the cumulus origin of these eclogites and garnet 
pyroxenites， and not a me1t origin. Medaris distingished eclogites from gamet pyroxenites on the 
basis of mineralogy and whole rock composition. The eclogite group is characterized by omphacite 
of Jd content greater than 25mol %， whole rock composition Mg number lower than 80ラ lowerCr 
and Ni and higher Ti contents~ whereas the garnet pyroxenite group is characterized by les 
omphasitic and more chromiferous cpx， and by whole rock Mg number greater than 80， higher Cr 
出ldNi， and lower Na and Ti contents. Apparent absence of samples between Mg number 62 and 70 
has already been pointed out by Medaris et al.(1995) but this gap has been ascribed to sampling bias 
by the s担問 authors.In fact， the Bohemian eclogites， inthe strict sense， straddle on both sides of the 
apparent Mg number gap. Our new analyses alllie on the magnesian side. 
For the same data set， a different picture emerges if oxide ratios were used instead of just 
oxide weight percent. 1 normalized al the oxide wt% values with MgO content and plot these ratios 
against Si02IMgO as in Fig. 2a. Broad positive correlation trends emerge for Al203/MgOラ
CaO/MgO and Na20IMgO against Si021MgO. Particularly， good linear trends are striking for 
CaO/MgO and Na201MgO. On the other hand FeOlMgO tend is poor; it is rather constant up to 
Si02IMgO value around 5， beyond which， it suddenly rises to higher levels， above uni匂r.The 
CaOlMgO trend defines a good straight line up to Si02IMgO value of 4.5. . For Si02IMgO>4.5， 
many CaOlMgO points plot 0宜andbelow the straight line defined by samples of Si02/MgO < 4.5. 
Notice that tlre new analyses al1ie on this straight 1ine even at Si02瓜匂0>4.5.Moreoverラkyanite
bearing samples are indicated by dotted circles for CaOlMgO. This single trend strongly suggests 
that these mafic layers belong to a family of rocks of a common petrogenesis. Notice that勾ranite
appears in samples of Si02IMgO 
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tentatively deleted， from the plot of Figure 1(a)， those group of samples whose FeO/MgO value is 
greater than unity and re-plotted on1y the magnesian group as in Fig.2b. As seen in the fi伊re，the 
colinearity of the CaO/MgO has been much improved. Notice that the iron rich group a11lie on the 
less magnesian side of the Mg number gap in Fig.1b. 1 concluded from these observation that the 
observed gap in Mg# is significant， not just sampling bias as suggested by Medaris et a1. (1995)， and 
that these iron rich group of samples must be treated separately in petrogenetic consideration. The 
least square fitting for the CaO/MgO trend was， therefore， made for these magnesiangroup of 
samples on1y as in Fig. 2b， and the fited line is imposed on Fig. 2a as a reference line. It shou1d be 
emphasized that the magnesian group contains both eclogite and gamet pyroxenite according to the 
criteria of Medaris et a1. (1995). In this plot for the magnesian group， therefore， 1 do not see any 
reason to distinguish the two groups as suggested by Medaris et a1. (1995). It is interesting to note 
that the two Ronda gamet pyroxenite， R705A and R705B， both plot right on the linear CaO/MgO 
trend defined by the Czech samples as demonstrated below. 
The success of this presentation made me to further extend this approach to other mafic 
rocks of simi1ar occurrences in the wor1d. 
Applications to other areas. 
官邸newmethod of oxide ratio plot was applied to groups of mafic rocks (gamet pyroxenitesラspinel
pyroxenites， oli可linegabbros) from other wel1 characterized orogenic lherzolite massifs such as the 
Ronda and the旺oromanperidotites and the results are shown in Figs. 3 and 4， respectively. For the 
Ronda samples， on1y the magnesian group of gamet pyroxenites， that contain comndum， and other 
comndum-free， magnesian gamet pyroxenite that are closely associated with the comndum bearing 
layers and，長Ithermore，two other mafic rocks of gabbroic mineralogy (Group F) were plotted (Suen 
and Frey， 1987~ Morishita et a1. 2001). The comndum bearing samples are indicated with dots in 
the circles. A straight linear trend is again striking for CaO/MgO， even better defined than the Czech 
samples. These mafic rocks are interpreted by Morishita et al. (2001) to correspond to the Type I 
mafic rocks defined in Beni Bousera by Komprobst et al (1990). Notice that the comndum幽bearing
pyroxenites and the comndum-free pyroxenites a11 lie on a single straight line. It is interesting to 
note that two magnesian mafic rocks with gabbroic minera10gy taken from theplagioclase peridotite 
zone of the Ronda massif (Group F samples -R322 and R120 ， Suen and Frey， 1987) a1so lie on this 
straight line (the very left， two points of low Si02/MgO in Fig. 3). In other word， a single straight 
line fit a11 the data despite .of their minera1ogica1 differences and di民rentmetamorphic conditions. 
Conmdum appears at Si02/MgO>3.5. It is interesting to note that the Si02/MgO level of the 
a1umina saturation is just coincidental to the Bohemian va1ue， despite of the difference of a1uminous 
phase， i.e，勾ranitefor Bohemian case~ while comndum for the Ronda case. It is surprising that the 
straight line defined by the Ronda rocks is nearly identica1 to the line defined by the Bohemian rocks. 
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This coincidence of the linear trends between the two occurrences may imply a common origin for 
these mafic rocks despite of the differences in metanlOrphic mineralogy and tectonic settings. As in 
the case of the Bohemian rocks， the FeO/MgO values are nearly constant for the Ronda rocks over a 
wide range of Si02/MgO. Although not shown here， other句rpesof Ronda mafic rocks σか andTi 
rich garnet pyroxenite， spinel pyroxenite and olivine gabbros) plot off this trend and do not show 
such a well defined linear trend， although a broad positive correlation may be seen for the same set 
of parameters. Unlike the Type I rocks， these other groups of mafic rocks show general increase 
of FeO/MgO values with increasing Si02/MgO. 
As for the Horoman peridotite， again only the Type I mafic rocks， whose mineralogy is 
nowall gabbroic and not garnet bearing (Takazawa， 1999~ Morishita and Arai， 2001)， were plotted in 
Fig. 4. The straight line for CaO/MgO is again striking， nearly peIfect for a wide range of 
Si02/MgO. The corundum bearing samples are also indicated with dots in circ1es. The Si02/MgO 
level of the corundum appearence in the rock is again the same as the Bohemian and the Ronda cases， 
i.e.ラ Si02/MgO>3.5.The FeO/MgO is nearly constant or even slight1y decreases at higher 
Si02/MgO values. Distinction of Type 1 and Type I mafic rocks for the Horoman case is simi1ar 
as in the Beni Bousera case (Kornprobst et et al， 1990): Type 1 ismore Fe richラmoreTi rich~ whi1e 
the Type I is more magnesians and more Cr rich. In terms of trace element geochemistry， the 
Type 1 rocks are characterized by positively steep REE patterns without Eu anomaly~ while the Type 
I by f1at and lower REE pattern (i.e. lower heavy REE) with positive Eu anomalies and by positive 
Sr anomalies (Takazawa et alラ 1999).Presence of spinel pyroxene symplectite in some Type I mafic 
rocks (Morishita and Arai， 1997) indicates that these samples once contained garnet at high pressures 
before recrystallized into low pressure mineral assemblages in the plagioc1ase lherzolite stability 
fieldラprobablyupon the ascent of the hosting peridotite body. Takazawa et al (1999) argued， using 
Nd-Sm whole rock isotopic data， that the Type I is ignificantly older ('" 830Ma) in origin than the 
Type 1 mafic rocks ("'80Ma) and that the Type I layers were originated as plagioclase gabbros at 
shallower level in ancient ages~ while the Type 1 rocks were generated at much younger ages as 
ori 
case. 
Interpretation and Discussion 
Fig. 5 summarizes and compares the CaO/MgO lines defined by the Bohemian， Ronda and 
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Horoman samples. The Bohemia and Ronda trends are virtually identical and， therefore， are 
represented with a single line for the two in the figure. The fact that collinearity does not hold for 
a1 the other oxide ratios such as Al203/MgO and FeO/MgO indicate that the liner trend is not a 
simple mixing trend of two componentsラ nora trend of liquid line of descent during magmatic 
fractionation. It is likely that these points of rock composition may lie on a straight plane on a 
compositional space and that the observed linear trend only emerged in certain projection of such 
plane. This compositional plane may be found easily as follows. The straight relationship may be 
expressed as， 
[CaO]/[MgO]=a[Si02]/[MgO] + b (1) 
，where [i] is the concentration of oxide component i and a and b are constants. 
Mu1tiplying [MgO] on both side of the equation， we obtain， 
[CaO]=a[Si02] + b[MgO] (2). 
This is the equation of a straight plane in a CaO酬MgO・Si02compositional orthogonal space. Values 
a and b were obtained by least square fiting to the Bohemian， Ronda and Horoman data sets， 
respectively， and are listed in Table 2. (Only the magnesian group was used for the least squ紅e
fi仕ingof the Bohemian samples.) Next step is to find end components lying on the plane and this 
C3n be done as follows. Looking at the CIPW norm calculations (Table 1)， t面白 endmembers are 
inferred to be olivine (forsterite+fayalite)， plagiocalse (anorthite+albite) and clinopyroxene (i.e.ラ
diopside+hedenbergite+-enstatite， ferosilite). Composition of the hypothetical olivine may be easily 
obtained by the intercept of the straight line on the Si02/MgO axis at [CaO]=O， because olivine is 
free of CaO. The forsterite content of the hypothetical olivine thus obtained for the Bohemian， 
Ronda and Horoman data are determined to be 74.6， 78.8 and 68.8 (mole%)， respectively (Table 2). 
These value are close to the CIPW normative values of each group. Composition of the other two 
end components， i. e.， plagioclase and Cpx， cannot be uniquely determined however， so a simple 
mixing lines of F080 on one side and two plagioclase compositions， An90 and An100， on the other 
side were calculated and drawn in Fig 5 as reference lines. The steeper slope of the Horoman line 
may be ascribed to more calcic nature of the hypothetical plagioclase for the Horoman rocks than the 
Ronda and Bohemian rocks. However this interpresation must be bome in mind with a care because 
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gabbroic stage， during the fractionation processes that have created the observed rock compositiona1 
variations. The constancy of the rock FeOlMgO va1ue supports this inference.. This conc1usion is 
important because it implies that the whole rock compositiona1 variation was not likely to have 
resu1ted from the fractional ctystallization， but from some other mechanical processes， such as 
ctysta1 sorting in a magma chamber (Irvine， 1979). 
Summary and Concluding Remarks 
It was found out that the observed straight linear relationship between CaOlMgO and Si02IMgO is a 
degenerated projection of a compositiona1 co-planar relationship among CaO， Si02 and MgO 
contents. The di宜erenceof the position of the lines may be interpreted in tenns of compositiona1 
variabili句Tof the end component minera1s. Although the composition of the end components have 
not been uniquely detennined except olivine， present method provided us with a simple and 
powerful tool of identi巧ringthe gabbroic origin of mafic rocks and their original mineralogical 
characteristics. 
The observed straight linear relationship for CaOlMgO suggests that the mineral 
compositions were constant during igneous di宜erentiationpro白ssesat their primaty gabbroic stages. 
It was conc1uded， therefore， that ctysta1 sorting was more likely the process responsible to the 
observed variation of rock compositions than the fractiona1 ctysta1lization. 
An important conc1usion obtained for the Bohemian rocks is that the magnesian group of 
ec10gites担ldgamet pyroxenite σeOlMgO< 1.0 ， or Mg# <65， see Fig. 1) embedded in mant1e 
derived peridotites were a11 cumulus gabbros that were origina11y precipitated from basa1tic magmas 
at low pressures. The iron rich groups (FeOlMgO> 1.0)， however， may have to be treated separately 
and they may be the products of high pressure cumulates as Medaris， eta1， (1995) considered. It 
fol1ows， therefore， that at least two groups of ec10gite and garnet pyroxenites of di首erentmagmatic 
origins occur mixed together in the high pressure mant1e peridotites in the Gfoeh1 unit， Czech 
Bohemian terrane. The magnesian group of ec10gite and garnet pyroxenite may correspond to the 
Type I defined in the Beni Bousera and the Horoman peridotites. Whether other less magnesian 
group of rocks a11 belong to the Type 1 (as defined for the Beni Bousera nd Horoman rocks) or not 
is not conc1usive at this moment， for which a more careful examination of these rocks will be 
needed. 
The magnesian group of the Bohemian ec10gite and garnet pyroxenites are nearly identical 
in geochemical charactors， in tenns of the oxide ratio trend， to the Type I Ronda mafic rocks， 
despite of their mineralogica1 di宜erencesbetween the two. The Horoman Type I mafic rocks a1so 
show a similar linear trend. in the same plot but with a steeper slope than the RondかB0 hemia line. 
This difference may be interpreted in tenns of different compositions of origina1 constituent mineral 
components， i.e， olivine， plagioclase and c1inopyroxene. 
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The alumina saturation level at high pressures is found to be Si02/MgO =3.5 throughout 
al the studied cases， i.e.， Bohemiaラ Rondaand Horoman. Note that this alumina saturation is 
varied only at high pressures and that none of these rocks are saturated with alumina in CIPW nonnラ
i.e.， atlow pressures as noted by Komprobst et al.(l990). 
It is important to note that the whole rock compositions of these magnesian mafic rocks 
(Type I) seem to have been preserved from their original igneous stages despite of their later high 
pressure metanlorphisms and ductile deformations deep in the mant1e. Whereas， the Fe幽richgroup or 
the Type 1 mafic rocks must have had more chances of compositional modification from their 
original compositions， through probable partial melting events in the mantle， because the later 
rocks have generally lower solidus than the magnesianラTypeI rocks (Morishita et al， 2003). 
The present work was most1y concerned with major element chemist:ty. There is now a 
large data base in literature of trace elements (including REE) and isotopes (both stable and 
radiogenic) as well and they need to be re-examined in the framework of the presented hypothesis. 
The presence of high-pressure mafic rocks of low-pressure cumulus gabbro origin may be 
more extensive and pervasive in orogenic peridotites than previously thought， which undoubtedly 
will have significant implications to geodynamic processes of a large scale crust欄mantleinteractions 
and the evolution of the Earth mant1e (Allegre and Turcotte， 1986~ McKenzie， 1986). 
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Table 1. Whole rock major element composition of Bohemian ec1ogites， 
compared with Ronda garnet pyroxenites. 
RefNo. 2 3 4 5 
Rock Typ巴 KE KE KE GP GP 
Location Nov Dvory Nov Dvory Nov Dvory Ronda Ronda 
Sample No. ND141 ND142 ND143 R705A R705B 
Si02 (wt.%) 48.75 48.22 48.83 48.34 45.98 
Ti02 0.30 0.20 0.37 0.15 0.96 
Alz03 18.83 18.08 15.82 19.6 15.93 
FeO* 5.33 4.76 5.18 3.37 8.17 
MnO 0.10 0.09 0.10 0.07 0.16 
MgO 9.52 11.65 11.25 10.12 13.9 
CaO 14.36 14.81 15.65 15.81 12.48 
Na20 2.01 1.59 1.81 1.61 1.25 
K20 0.06 0.04 0.01 0.02 0.01 
P20s 0.04 0.03 0.04 0.02 0.04 
Total 99.30 99.47 99.06 99.11 98.88 
~ 76.10 81.34 79.45 84.25 75.19 
CIPW norm (wt%) 
or 0.35 0.24 0.06 0.10 0.10 
ab 17.00 13.45 15.31 13.60 10.60 
。n 42.20 42.10 35.00 46.00 37.80 
d 23.10 24.80 33.90 25.40 19.10 
hy 0.35 0.00 0.00 0.00 4.40 
0/ 15.50 18.30 14.90 13.60 24.80 
0.58 0.58 0.58 0.60 0.60 
ap 0.10 0.10 0.10 0.10 0.10 
total 99.18 99.57 99.85 99.40 97.50 
An# 70.1 74.7 68.3 76.1 77.1 
Fo# 77.0 81.9 80.5 84.8 77.2 
oxide wt % ratio 
F巴O*/MgO 0.56 0.41 0.46 0.33 0.59 
Si02/MgO 5.12 4.14 4.34 4.78 3.31 
CaO/MgO 1.51 1.27 1.39 1.56 0.90 
Al203/MgO 1.98 1.55 1.41 1.94 1.15' 
Na20/MgO 0.21 0.14 0.16 0.16 0.09 
Ti02爪~ 0.03 0.02 0.03 0.01 0.07 
Rock typ巴:KE， kyanit巴eclogite;GP， garnet pyroxenite. 
1，2， and 3: new analyses; 4， 5:Ronda garnet pyroxenit巴s(Suen and Frey， 198η 
Total Fe as FeO*. An# and Fo# are the anothite阻 dforsterit巴contents(in mol %) based on the CIPW norm. 
Table 2. Parameters for the oxide ratio plot， obtained by a least square fitting to 
the data sets of the Bohemia， the Ronda and the Horman Type I mafic rocks. 
α b SiO!MgO(CaO=O) Fo# (mol %) 
Bohemia 0.389 制0.389 1.00 74.6 
Ronda 0.402 幽0.380 0.95 78.8 
Horoman 0.510 -0.552 1.08 68.8 
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Figure Captions 
Figs. 1a and b. Whole rock compositions of the Bohemian ec10gites and gamet pyroxenites. 
Data sources are Jakes， eta1. (1994)， Beard et a1 (1992)， Medaris et a1 (1995) plus three new 
analyses of this study. Mg# =100Mg/(Mg+Fe) in mole. All Fe is assumed to be Fe2十inthe 
calculations. 
Figs. 2a and b. Oxide ratio plot using MgO wt % as denominator for the same set of data used in 
Figure 1. Notice good positive correlatiol1S between CaO/MgO， Na20/MgO and Si02/MgO. 
(a) a11 samples; (b) on1y magnesian samples whose FeO/MgO va1ue less than 1.0. CaO/MgO 
points of the newly analysed samples ND141， ND142， ND143 are indicated by arrows. 
Kyanite bearing s紅nplesare indicated by dotted circ1es for CaO/MgO points. Least square 
fiting to the CaO/MgO va1ues made on1y to the magnesian group of samples in Fig. 2b.“Hor" 
are CaO/MgO trend lines defined by the the Horoman mafic rocks. Refer to Figure 4 and the 
text. 
Fig. 3. Oxide ratio plot for the Ronda Type I mafic rocks. Data from Suen and Frey (1987) 
and Morisluta et a1. (2001). a， b， c， d， eラ f， original sample numbers of Morishita et al. 
(2001) ; R120， R322 belong to Group F of Suen and Frey (1987). Corundum bearing ganlet 
pyroxenites are indicated by dots in circles for CaO/MgO. 
Fig. 4. The same oxide ratio diagram for the Horoman Type I mafic rocks. Corundum bearing 
rocks (olivine gabbros and pyroxenites) are indicated by dots in circle for CaO/MgO. The 
CaO/MgO trend that is broardly defined by a set of Type I mafic rocks of the Horoman massif 
is a1so drawn for comparison. Data from Takazawa et a1. (1999) and Morishita and Arai 
(2001). 
Fig. 5. A comparison of the CaO/MgO ratio lines defined by the series of mafic rocks from the 
Ronda， Bohemia and Horoman peridotites. Two hypothetica1 mixing 1ines of olivine (F080) 
and plagioc1ases (An100 and An90) are drawn as reference lines.“Di" is a reference point of 
pure diopside composition CaMgSi206. Note that the plagioca1se points are at infI1uty since 
the MgO content is zero. Compositional points of Fo100， F080 and F060 are also indicated 
on the Si02/MgO axis. 
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チェコ共和国ポヘミアゲラニュライト中に産する石灰珪質ノジュール
(変成を受けた石灰質泥岩)中の石英から流体包有物を発見した
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@遼億箆査物i;:"'J~玄基本飽盈貴重析ができるようにおった.
; ~ 試料の作成
n~ 加熱冷却台
。 盗体包有物五三虚瞳彊査担定するのは難L位L
f;lホスト鉱物の種類
I，j流体包有物の形状・配列
。 加熱冷却台をもちいた温度測定のうち，融点の測定は微小怠包有物に対しては難し
。 今後は分光装置怠どを用いた定量的怠解析も試してみたい.
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